Abstract
Introduction

28
The permafrost-affected soil area in the northern circumpolar region is widespread, occupying 29 about 17.8 million km 2 (Hugelius et al., 2014) . The soils in the northern permafrost region C (%) = 0.000004 * (LOI 550 ) 3 − 0.000352 * (LOI 550 ) 2 + 0.481602 * (LOI 550 ) (1) 1 SOC mass (kg C m -2 ) was calculated for each sample with the dry bulk density (DBD, g cm -2
3 ), the percentage organic carbon (C, %), the coarse fragment fraction (> 2 mm) (CF, %) and 3 the sample depth interval with the following equation:
4 SOC (kg C m −2 ) = DBD (g cm −3 ) * C * (1 − CF) * depth * 10 (2)
5
The SOC storage (kg C m -2 ) in each soil profile was calculated by adding up the SOC mass of 6 all samples (5-10 cm depth increments) for the reference depths of 0 -30 cm and 0 -100 cm.
7
It should be noted, however, that in all cases it was not possible to reach a full depth of 100 8 cm due to the occurrence of large stones, boulders or bedrock (these are assumed to contain 9 no SOC). Storage was calculated separately for the organic rich top soil layer and the 10 underlying mineral soil layer. The division between these layers was made based on field 11 observations. The mean SOC storage for each of the recognized land cover types is calculated
12
as the arithmetic mean of all soil profiles representing those land cover types. To avoid 13 overestimation of the C content, each LCC mean SOC kg C m -2 value was weighted by the samples for all the different geochemical parameters. In all cases, the probability limit of p ≤ 1 0.01 was chosen for statistical significance. 
Permafrost mapping 3
In addition to the SOC inventory, the permafrost distribution in Tarfala Valley was mapped.
4
Bottom temperature of snow (BTS) measurements were carried out in March 2013, with a 5 precision temperature measuring instrument Series P400 (Dostmann Electronic, 2013) . This 6 handheld thermometer has an accuracy of ±0.3°C and a resolution of 0.1°C. The temperature 7 probe was calibrated in ice water to 0°C before every field day. The BTS-method is a simple 8 and cost effective approach to get a first impression on the distribution of permafrost by 9 measuring the temperature at the snow-ground surface interface. For this method a snow 10 cover of a minimum of 80 cm is required to provide sufficient insulation from variable air 11 temperatures above the snow pack (Haeberli, 1973; King, 1983 
Land cover classification
23
The LCC presented in Figure 1 has an overall accuracy of 72.2% and a kappa index of 24 agreement of 0.68. The reasons for the rather low kappa index can be explained by snow 25 cover at higher elevations in the orthophoto, which needed to be corrected by a Landsat 5 TM
26
image with a coarser spatial resolution. The LCC shows that Tarfala Valley is dominated by 27 rocks and stones, which cover almost 60% of the area, followed by permanent snow and ice
28
which covers more than 18% of the landscape. The largest vegetated land cover class is 29 "Patchy Boulder Moss" which covers almost 10% of the landscape, but this class is defined as 30 a mix of moss and stones that on average has more than 40% stones. All land cover classes 31 include a certain amount of stones, which ranges from 4% in the class 'Birch Forest' to 47% 1 in the class 'Sand/Gravel' (for more details, see supplementary material Table S1 ). 
SOC quantity
3
The mean study area SOC storage including all land cover classes is 0.7 ± 0.2 and 0.9 ± 0.2 4 kg C m -2 for 0 -30 cm and 0 -100 cm soil depths, respectively (mean ±95% CI) ( Table 1) .
5
Calculations have also been made for the vegetated area only. This area excludes the low 6 SOC land cover classes 'Stone', 'Sand/Gravel', 'Water', and 'Permanent Snow/Ice ' and, 7 therefore, the mean C storage is considerable higher than for the entire study area. The mean 8 SOC for the vegetated area only is 3.7 ± 0.8 and 4.6 ± 1.2 kg C m -2 for 0 -30 cm and 0 -100 9 cm soil depths, respectively (mean ±95% CI).
10
A detailed analysis of the different land cover classes shows the partitioning of the C (Table 1 ) and accounts for 24% of the total SOC storage in Tarfala   15 Valley.
16
The coefficient of variation of the mean SOC values of the land cover classes is high
17
(near 1 in many cases), which is an effect of the high within-class variability in depth of the 18 fine grained deposits overlying coarse regolith or bedrock (also reflected in the standard 19 deviation of the mean profile depth, see Table 1 ). Therefore the variability of profile depth Tarfala Valley seems to be in the order of 1.5 -4 m thick (King, 1984; Isaksen et al., 2007) , it 27 can be considered that only a very minor to negligible amount of organic C is stored within 28 the permafrost layer. It should be noted that permafrost was never reached during field coring 29 due to the occurrence of bare rock and stones.
30
The soils of Tarfala Valley display no signs of cryoturbation of the organic rich top soil 31 layer into the deeper mineral soil horizons. Likewise, no burial of the organic rich layer due to 32 solifluction processes on slopes was observed. 
SOM quality and age
1
The soils in Tarfala Valley are characterized by a steady, statistically significant (p < 0.01) 2 increase in bulk density with depth ( Figure 3a ; Table 2 ). However, LOI (550°C) and 3 percentage C show strong, statistically significant (p < 0.01) negative correlations with depth 4 ( Figure 3b ; Table 2 ). As a result, there is less SOM with greater depth in the soil. There is also 5 a statistically significant (t-test, p < 0.01) difference in the C content of the organic-rich top 6 soil layer and the underlying mineral layer ( been radiocarbon-dated (Table 3) . These profiles were selected because they had the thickest The number of pedons in both these studies is very low (n = 1 to 4).
5
Considering values from only the vegetated area in Tarfala Valley, the mean SOC 6 values are 3.7 kg C m -2 for 0 -30 cm and 4.6 kg C m -2 for 0 -100 cm soil depth intervals.
7
Similar SOC inventories on vegetated patches have been carried out in the Tibetan Plateau. 
16
Geochemical indicators, such as C/N ratios and stable isotopes (δ 13 C and δ 15 N), indicate 17 that the SOM in Tarfala soils becomes gradually more decomposed with depth and age.
18
Cryoturbation of C-enriched material is one of the mechanisms that significantly increase
19
SOC storage in permafrost soils (e.g., Ping et al., 2008) . In Tarfala, we did not find evidence greater depth is also quite young (< 2000 cal yr BP). Therefore, much of the SOM in Tarfala   25 Valley seems to be cycled within 100 years or less and does not accumulate at greater depths.
26
This is in stark contrast with permafrost soils from lowland regions, which are reported to 27 have extensive cryoturbation of relatively undecomposed SOM that has been preserved at 28 greater soil depths for thousands of years (e.g., Bockheim, 2007; Hugelius et al., 2010) . exposed streambeds in the Tarfala River alluvial fan.
